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Uncovered & Malapposed Struts : ﬂ

IMAGES IN INTERVENTION

Optical Coherence Tomography Findings in Very
Late (4 Years) Paclitaxel-Eluting Stent Thrombosis

hinkel, MDD, PHID" Peter Bas
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Schinkel, Regar et al. JACC: Cardiovasc Interv 2008
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Uncovered & Malapposed Struts
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Low incidence !
at9m FUP
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Biolimus- Sirolimus-
eluting stent eluting stent

LEADERS Trial

Limus Eluted from A Durable versus ERodable Stent Coating
Graphical representation of stent coverage in lesions

Barlis, Regar et al. Eur Heart J 2009
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Uncovered & Malapposed Struts = \r

i B E E EE E EE NN NN ENENEEEEENFEEEEEEEEEEEEEENEEEEEEN S E RN EEEEEEEEER
E R EEEEEEEEEEREEENEEREEEEEEEEEEEENEEEENEREEEENEEEEEEEEEEEEEREEEENEEREEEENEEREDNEEENEEEE

Low incidence !
at 5y FUP
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SIRTAX late OCT trial; N=88 pts event-free; FUP 5y

Raber et aI JACC: Cardlovasc Interv 2012
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Uncovered & Malapposed Struts -
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Low incidence !
Clustering in few patients
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apposed protruding = malapposed overlap

SIRTAX late OCT trial; N=88 pts event-free; FUP 5y

Raber et aI JACC Cardlovasc Interv 2012
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Mechanisms of Stent Failure:
Uncovered & Malapposed Struts

Interaction:
Malapposed struts are
at increased risk for
uncoverage

NASB
i
5

e

ISA: incomplete strut apposition
WA: well-apposed struts
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RR69 | RR 10.6
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0 A———— |

Gutierrez, Regar et al. Circulation 2011 WA worse ISA worse WA worse ISA worse
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Uncovered & Malapposed Struts : ﬂ

Higher incidence in patients treated for STEMI

Strut apposition Strut coverage
[%0] 188 P=0.001 P=0.04

80
70
60
50
40
30

0
STEMI

2 .:
B Non-sTEMI g |

10
Lesions with at least one Lesions with at least one
incompletely apposed strut uncovered strut

Gonzalo, Regar et al. JACC: Cardiovascular Interv. 2009;2(5):445-52.
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Uncovered & Malapposed Struts = C
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Higher incidence in pts with Late Stent Thrombosis!

Table 2. Optical Coherence Tomography Imaging Measurements

Control

ximum length o
ximum length o

ximum mal

00-1.92)

+1.23

Mean neointimal area, mm? 157 +NAR

Uncovered struts/pts

Malapposed struts/pts
Number
1.81 (0.00-2.99)

0.7 = 0.09

I u R i . | !

Guagliumi et al. JACC: Cardiovascular Interv. 2012
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CLINICAL RESEARCH

U ncove red Struts Examination of the In Vivo Mechanisms of
Late Drug-Eluting Stent Thrombosis

Se g m e n t I e n g t h Findings From Optical Coherence Tomography and

Intravascular Ultrasound Imaging

Giuseppe Musumeci, MD,*
i, MD,* Hideyuki Tkejina, MD,"
idze, MD,* Aleksandse Matiashyili, MD,"

Table 4{Explorator ultlvarlable Loglstlc Regresslon Analysls of
Late Stent

Variable OR (95% CI) p Value

Maximum length of segments with 2.45(1.27-4.73)
uncovered struts at OCT, mm

Remodeling index at IVUS* 1.05(1.01-1.11)

Guagliumi et al. JACC: Cardiovascular Interv. 2012



Mechanisms of Stent Failure:
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Intervention

Paclitaxel-eluting stent restenosis shows three-layer
appearance by optical coherence tomography

73-year<id worman With hyperiension, hyperipidemts and ped-

y arlery diease prezentzd win

Canadian Cardlwascular Scciaty class Il angina and underwent
coronary anghography, which showed a chronic oodudad right

OCT: Lightlab/St.Jude

N B 3

L

serruys, MD, PhD; Evelyn Regar

, MD, PhD

coronary artery (Panel A). The vassel was recanalized and treated
with thraz pecitaxeleiting stents (TAXUS®, Boston Sciendific:
m ditally, 3.5x 23 mm In the mdde part, 2.5x 1Zmm
) Postintervention coronary anglography shawad a good
and B). Twalve-month Dlow-up angkgraphy reveaked
foz3l In-stert restznasts (Panal C). Infracoranary optical cohersno2
tomegraphy (OCT: Lightlaimaging™, Baston, MA, USA) pulback
displayed well-©panded sians coverad wih a thin, homoganous,
highly reflactive necintimal layer (Panad D, EX In rast, the res-
reawvsst jesion ske (minimal umen aea 1.1 mm®; sent aras
9.0 mm¥) showad 3 Wreedayer appzarance of the nadintima
{Panel F). The inner lumiral layer appeared concentric, homoge-
nous and sgral-rich (maxima thickness 0.27 mm). A second Layer
concisting of 2 kw-refiective arza wih Iy delinashsd bangsrs fd-
kawed. The third tzyer was n direct comtact with the stent stnts and
revegded coly minima signal indensity. Thess signal-pecd areas
maximal thickness 1.18 mm) might represent acalular fibrindid
o that has been wel descrbzd In exparimental studes, The
patient was re-treabed with repeat pachiaxekuting stemt Impkantation.
OCT b5 an anakgus of Intravasodar ukrasound with an utra-high
resaltion (10 pm) suparor to any cumant avalkebie Imaging meda-
Bes. This Imsging device may be useld In vEualeng neaintimal
growth In drug-eting stents and mpeove cur understanding of its
undariing physkpatholagy In the fturs.
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Tanimoto, Regar et al. Eurointervention 2006
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Restenosis

Restenotic tissue structure

Homogeneous: restenotic Heterogeneous: restenotic  Layered: restenotic tissue consists
. Lizzue haz wniform oplical properties tizzue haz focelly changing optics! of concentric Inyers with different
I n 2 O O 9 and does not shaw focal vanations in properties and shows varnous

.

optical properties: an adluminal high
backscattering pattem.

backscattering patterns scattering layer and an abluminal low
O CT scattering layer
| . Restenotic tissue backscatter Microvessels visible

descriptive il

LN

Highl the majority of Low: the majority of

the Ussue shows high the tissue shows low

backscattor and appoars backscatter and appears
brght dark or black

Yes: microvessels appoar No
a5 well delineated low
backscattering structures
less than 200 micron In
diameter that show a
lrajectory within the vessel

Lumen shape Presence of intraluminal material

L A
RY S pr

. LN Fy ¢
s b Vi
b o 2
o O
,__‘&_ L _‘_.-___-':;

Regular: wmen Irregular: wmen Yes: there is visible No
border s sharpy border s Imegular with material Inside the vessel
delineated, smooth and tissue protrusions from lumen
circular the vessel wall Into the

lumen

OCT: Lightlab/St.Jude
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Restenosis
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In 2012:
OCT
validation
against
histology

~~~~~

How Do OCT and IVUS Compare to Histology in Coronary
Atherosclerosis and Stenting?

R R | Otk Masataka Nakuao - WO ON NN NN NN NN WEE NN

R A R Otsuka et al. Curr Cardiovas Img Rep 2012



Mechanisms of Stent Failure:
Restenosis
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nt on methodology,
In 2012: al applications of optical
: physical principles,
OCT acquisition, and clinical
tel’min0|0gy ent of coronary arteries

established
S. Mintz’, Eloisa Arbustini’, Carlo Di Mario’,

Ik-Kyung jang Takashi Akasaka', Marco Costa®, Goulio Guaglmmt‘
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Expert review document part 2: methodology,
terminology and clinical applications of optical
coherence tomography for the assessment

of interventional procedures
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Neoatherosclerosis =

High incidence

(s [eCNel gyl I eREETe LW AR INERM o clonment of lipid-rich plaque inside bare meta

inside the stent stent: possible mechanism of late stent thrombosis?
An optical coherence tomography study

Jingbo Hou," Hai 01" Maomao Zhang," Liia Ma," Huimin Liu," Zhigang Han,

Lingbo Meng," Shuang Yang," Shaosong Zhang,” Bo Yu," Ik-Kyung Jang®

N= 39 pts
with recurrent ischemia
FUP 6.5%1.3 years after BMS
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Hou et al. Heart 2010
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Neoatherosclerosis O

i B E E EE E EE NN NN ENENEEEEENFEEEEEEEEEEEEEENEEEEEEN S E RN EEEEEEEEER
E R EEEEEEEEEEREEENEEREEEEEEEEEEEENEEEENEREEEENEEEEEEEEEEEEEREEEENEEREEEENEEREDNEEENEEEE

High incidence
Earlier onset in DES than in BMS

Incidence of lipid-laden intima
p=0.01

r I ]
/S0 p=<0.01
p=0.01

p=0.03

—il- DES

: : —il- BMS
MGH OCT multicenter registry

N=124 pts with

neointimal thickness >100um <9m FUP 0-48m FUP >48m FUP
In 3 consecutive cross sections

Yonetsu et al. Am J Cardiol 2012
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Neoatherosclerosis =

Increased TCFA
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N= 54 pts with DES restenosis Kang et al. Ciculation 2011
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Increased TCFA & Thrombi over time

Mechanisms of Stent Failure:
Neoatherosclerosis =

<12 12-36 12-36
[ ] No TCFA "] No thrombi
|_] Single [] White thrombi
I Multiple (=2) I Red thrombi

I R E N A ENENEEEEENENEGENENENENEN

N= 54 pts with DES restenosis Kang et al. Ciculation 2011
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Neoatherosclerosis = ﬂ

Increased TCFA & Thrombi over time
Irrespective of clinical presentation

Patients with

30%

50%

Intima with TCFA Intima rupture

N= 54 pts with DES restenosis Kang et al. Ciculation 2011
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Neoatherosclerosis
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Stents with
lower fibrous cap thickness & higher lipid content

Neointimal Cap Thickness - Lipid Core Arc

p<0.001 p<0.01

—
th
(=]

=
(=]
Lipid core arc

Neointimal Cap Thickness

th
(=]

NO YES NO YES

n=9 Neointimal rupture n=13 n=9 Neointimal rupture n=13

N=29 pts with very late stent thrombosis

Karanasos, Regar et al. presented in part at ESC 2012 Karanasos, Regar et al. Poster at TCT 2012
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Neoatherosclerosis

The link between restenosis & late stent thrombosis?

stable angina, “benign” ACS, “life-threatening”
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Mechanisms of Stent Failure:
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Neoatherosclerosis =

The link between restenosis & late stent thrombosis?

TCFA

Rupture
Thrombus

Neoatherosclerosis
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Mechanisms of Stent Failure:
Neoatherosclerosis

The link between restenosis & late stent thrombosis?

What’s about timing?
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Evidence of Ongoing Stent Failure

50% -
—BMS

40% _ //

30% | /
0% - /

10% -

Cumulative incidence TLR

0%

0 2 4 6 8 10 12 14 16 18 20
Years after index PCI

Yamaji K et al, Circ Cardiovasc Interv 2010
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Evidence of Ongoing Stent Failure

50% -
—BMS

40% - Neoatherosclerosis//

30% | /
0% /

10% -

Cumulative incidence TLR

0%

0 2 4 6 8 10 12 14 16 18 20
Years after index PCI

Yamaji K et al, Circ Cardiovasc Interv 2010
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Evidence of Ongoing Stent Failure

50% ~ —DES
—BMS

40% - : :
Neoatherosclerosis Neoatherosclerosls,//’/

30% -

0% /
L /

7
0%

Cumulative incidence TLR

0 2 4 6 8 10 12 14 16 18 20
Years after index PCI



Evidence of Ongoing Stent Failure Erasmus MC
Differences BMS vs DES 1st gen 2

Neoatherosclerosis in DES develops earlier

with lower prevalence of calcifications

BMS (n=13 1st-DES (n=39 value
Il -oss =) [

Interval since initial implantation (months) 132 (90-201) 65 (24-130) <0.001
75% A 69% 69% 69%
0
62% 0=0.051
34%
50% - 46% 46%
41%
31%
25% -
15% 15%

0% . . L .

Neoatherosclerosis Neointimal rupture In-stent thrombus Macrophages  Neovascularization  Calcifications

Kanarasos A et al SPIE 2014
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Thrombosis and Restenosis: Insights front- Tﬂ

Stent thrombosis and restenosis
= have various mechanisms (mechanical, pharmacological, biological)

* pboth may be associated with coronary thrombosis
* neoatherosclerosis might be a common pathway
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Thrombosis and Restenosis: Insights front- Tﬂ
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* neoatherosclerosis might be a common pathway

» predictors are not well established yet
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Thrombosis and Restenosis: Insights froni” Tﬂ

Stent thrombosis and restenosis = stent failure
= have various mechanisms (mechanical, pharmacological, biological)
* pboth may be associated with coronary thrombosis
* neoatherosclerosis might be a common pathway

» predictors are not well established yet

» develops much earlier in DES 18t gen than BMS
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Mechanisms and Predictors of Stent A

Thrombosis and Restenosis: Insights froni” Tﬂ

Stent thrombosis and restenosis = stent failure
= have various mechanisms (mechanical, pharmacological, biological)
* pboth may be associated with coronary thrombosis
* neoatherosclerosis might be a common pathway

= predictors are not well established yet

» develops much earlier in DES 18t gen than BMS

Angiography fails to accurately visualize stent failure !

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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Neoatherosclerosis & Rupture =
aly male presenting with anterior Ml, 2004 PES implantation LAD. No CAD risk factors. ﬂ

Co-registration: in cooperation with Medis, Leiden NL; Tu, Regar et al. Int J Cardiovasc Imaging 2012
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Neoatherosclerosis & Rupture
aly male presenting with anterior Ml, 2004 PES implantation LAD. No CAD risk factors.
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OCT: Lightlab/St.Jude
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VLST: Eraspaus MC
Mechanical Stent Problem - 2

79 year old woman resuscitated after cardiac arrest. 2008 EES implantation. Pos. family history for G

Co-registration: in cooperation with Medis, Leiden NL; Tu, Regar et al. Int J Cardiovasc Imaging 2012
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Mechanical Stent Problem - a“/

79 year old woman resuscitated after cardiac arrest. 2008 EES implantation. Pos. family history for C/ W
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OCT: Lightlab/St.Jude
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Thank you for your attention!
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